The process of mullitization of andalusite is reviewed to show that this phase transformation is based on the mechanisms of a pseudomorphism that fixes the grain shape and the chemistry of solid-phase processes. Mullite is oriented in correspondence with the generating crystal of andalusite along the C axis. A single crystal of andalusite transforms into a compound consisting of a mullite single crystal with capillary pores filled with a glass phase saturated with amorphous silica. The capillaries form a network of well-connected tubular pores with a micron cross section, and they are positioned along the C axis common for the newly formed mullite and the original andalusite. About 80% of the glass phase remains in pores of capillaries of the formed mullite. The results of the study were tested in reactions between andalusites of various grain compositions and powder alumina and are now used for fabricating unshaped refractory mixtures with an ultralow content of cement and cement-free mixtures with finely milled andalusite and alumina.
INTRODUCTION
Mullite is an aluminosilicate with the chemical formula 3A1203 9 2SiO 2 that contains 71.8% AI203 and possesses properties requisite for the production of high-quality refractories, namely, high refractoriness, low thermal expansion and thermal conductivity, good chemical stability, and excellent mechanical properties at high temperatures. Mullite can be formed in commercial refractories by firing various aluminosilicates with the appropriate composition, including clays, kaolins, mixtures of silica and alumina, etc. A high content of mullite can be obtained in refractories by using natural andalusite as a parent material that forms mullite in firing.
Andalusite is a classical aluminosilicate with the formula 3A1203 9 2SiO 2. It possesses a number of properties that characterize it as an excellent raw material for manufacturing quality high-alumina refractories [1] . These properties include the following:
an andalusite crystal remains stable without a change in the density or volume after firing and hence without a change in the internal porosity, and therefore andalusite does not require any preparatory firing before use; Damrec Firm, France; Pechiney-Moscow Firm, France.
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-prismatic crystals of andalusite have a size of up to several millimeters. Each grain is represented by one monolithic crystal or a crystal fragment; -mullitization of andalusite differs substantially from that of kyanite and sillimanite. It begins at about 1200~ and occurs slowly and steadily. Due to the low linear expansion of andalusite this process continues for entire service time of the refractory and occurs without any worsening of the properties of bricks and mixtures.
We studied the mullitization process in commercial samples of andalusite fired in the range of 1300 -1600~ in single crystals of andalusite, and in refractory mixtures that contained finely milled andalusite. The materials were subjected to a petrographic analysis (transmitted and reflected light), x-ray phase analysis, quantitative phase analysis, electron-microscopic analysis using secondary and reflected scattered electrons, and chemical analysis based on energy-dispersion spectroscopy.
ANDALUSITE CONCENTRATES
The world production of andalusite amounts to about 320,000 tons a year and is concentrated in two countries, nnamely, the Republic of South Africa and France. Andalusite is a natural mineral that occurs in metamorphic rocks.
Commercial grades of andalusite used in the given study were obtained by dressing andalusite-bearing rock. The method of dressing used gives very pure concentrates. Andalusite is represented in the rock by extended inclusions < 8 mm in size. Each inclusion is one crystal or a fragment of a crystal.
Andalusite grains contain admixtures of foreign inclusions having a size ranging from several microns to several hundred microns. The same inclusions are present in concentrates. These are mainly quartz and shales that include biotite, muscovite, and ilmenite.
The content of the minerals was determined proceeding from the chemical composition of the samples by a calculation similar to that used in the petrography of rocks. The results are presented in Table 1 .
The presence of impurities represented mainly by oxides of iron and alkali metals can diminish the refractoriness of andalusite concentrates substantially below the level of the binary system A1203 -SiO 2 , where the eutectic lies at about 1587~ The appearance of a liquid phase at a lower temperature plays an important role in mullitization of andalusite. The formation of the liquid phase at a lower temperature promotes diffusion of atoms and hence of mullite growth.
MULLITIZATION IN REFRACTORIES BASED ON ANDALUSITE
Results obtained with the help of an optical microscope are presented in Figs. 1 -7. It can be seen from the data presented that the first appearance of mullite in the structure of an andalusite specimen was observed at 1300~ and had the form of fine grains in the matrix (see Fig. 1 ).
The magnified image of a small grain in Fig. 2 shows the process of melting of the admixture, around which mullitization propagates over natural cracks in the crystal.
We can see in Fig. 3 that the mullitization process propagates bandwise from the surface of the andalusite grain. We can clearly see fine needles of mullite parallel to each other and parallel to the C axis of the andalusite crystal.
At 1400~ (see Fig. 4 ) mullitization propagates rapidly to the center of a large grain along a twin crystal and then 
